the motor control field, there is much anatomical, physiological and clinical evidence (the two latter largely from the study of Parkinson's disease), leading to the conclusion that basal ganglia should be regarded as organs of motor control, as recently emphazised by Marsden.3 We have recently drawn attention to a psychic picture,4 5 possibly the consequence of bilateral subcortical lesions in the basal ganglia, which was characterised by pure psychic akinesia without permanent dementia, and by pseudo-obsessional activities. We now report three similiar cases, which, in combination with some clinical and anatomical data in the literature, may furnish some support to the hypothesis of a role played by the basal ganglia in mental processes.
Case reports
Case 1: In 1968, Mr V, a 41-year-old healthy man was stung on the left arm by a wasp. He immediately sustained a convulsive coma for 24 hours, then adopted intensive choreic movements (which were alleviated by thioproperazine), and impairment of gait. These extrapyramidal symptoms diminished over several months.
Then, and during the twelve following years he appeared to be a mild dement, He was evaluated by us in 1980, and was at this time not receiving drugs. All his activities were dramatically reduced. He spent many days doing nothing, without initiative or motivation, but without getting bored.
The patient described this state as "a blank in my mind". His affect was disturbed. When talking about family problems, sad or pleasant, he had an appropriate behaviour and gave signs of normal interest, but this attitude did not last and he became rapidly indifferent again. His fantasy life was poor, but dreaming was preserved. But when stimulated by external events, or more specially by another person he could perform quite correct complex tasks (for example, playing bridge). This fact was dramatically demonstrated by neuropsychological tests which showed intellectual capacities within the normal range (table) .
Two years after the encephalopathy, he began to show stereotyped activities. The most frequent consisted in mental counting, for example, up to twelve or a multiple of twelve, but sometimes it was a more complex calculation. Such mental activities sometimes were accompanied by gestures, such as a finger pacing of the counts. To switch on and off a light for one hour or more was another of his most common compulsions. When asked about this behaviour he answered that he had to count. .. that he could not stop it ... as that it was stronger than him ....
Once he was found on his knees pushing a stone with the hands; he gave the explanation that he must push the Several drugs were systematically tried. Dopaminergic agents (agonist and antagonist), serotoninergic, cholinergic, noradrenergic and benzodiazepines were used.
Most of this drugs had no or mild effects on the patient's symptomatology. Then, clomipramine was given up to 250 mg/day (under cardiovascular supervision) and this drug induced a dramatic improvement. For the first time for twelve years the patient was able to take the inititative to drive a car, and to initiate talking. Speech fluency reduction and stereotyped activities, however, remained.
The patient died suddenly from massive inhalation of food. Necropsy was not performed. poisoning. There was a short coma followed by several days of headache and confusion. This man, whose profession was that of an artistic painter but who also did the job of messenger, was unable to re-start his work. He attended for neurologic consultation in April 1970, after being fired from his job because he was too slow. He had a "marche a petits pas", a resting tremor, an extrapyramidal rigidity predominant on the left side. Akinesia was obvious and verbal fluency was markedly reduced. Intellectual processes were slow and the whole picture tended to give the impression of mental deterioration. He was, however, able to perform complex tasks on request. He was institutional-Laplane, Baulac, Widlocher Dubois Neurological examination was normal. A mild motor akinesia was noticed. Neuropsychological evaluation is shown in the table. Language disorders were present, some of them due to the Russian origin of the patient.
The EEG was within normal limits. CT scan (orbitomeatal plane, slice thickness 10 mm) showed two bilateral abnormal areas with spontaneous high density, which corresponded to calcified lesions (fig 3) in the internal part of the lentiform nucleus. There was no other calcification. There was some degree of cortical sulci widening and of ventricular enlargement. Contrast medium infusion showed no enhancement. Laboratory data, including serum calcium phosphorus and parathyroid hormone levels were within the normal range. This reversibility of the psychic akinesia under stimulation was so dramatic in our patients that it is not possible to apply the term of dementia to them. Besides mnesic impariment (cases 2 and 3) they had no permanent disorder of specific intellectual function. It appears as a loss of psychic self-activation concerning all mental activities, cognitive and affective including fantasmatic life. This defect in spontaneous internal activation could be compensated for by external stimulation. Some psychiatric conditions also present a more or less reversible psychic akinesia, such as hebephrenia or some depressive states.
COMPULSIVE-LIKE ACTIVITY
The existence of stereotyped behaviour in patients 1 and 2 represents another dramatic aspect of these cases. They consisted mainly of a counting activity, purely mental or paced by finger movement. In patient 1 they could occupy all the time he spent alone, unstimulated. These activities may be interpreted as compensating activities which invade an empty, aimless mind, deprived of more elaborate purposes. Such an interpretation is in agreement with the dynamic theory of Janet'9 who described repetitive activities as the lower level of psychic life, due to a decrease in "tension psychologique".
In several aspects this repetitive behaviour strongly resembled compulsive acts. Patient 1, when questioned on his activities answered that he had to do so; when counting he had to reach some magic numbers or multiples of these numbers; the second patient made attempts to withdraw himself from these behaviours by focusing his attention upon TV or a newspaper. However in spite of the compulsive appearance of these activities and some struggle against them, patients did not feel any anxiety when they tried to withdraw. In their daily life they did not show any anxious thought, or permanent doubt such as that showed by obsessional subjects. Nothing either in their histories or in the recent assessment of their personality suggested an obsessional neurosis.
It is of interest that in some neurological diseases obsessive-compulsive behaviour has been reported and that they were thought possibly to be due to basal ganglia impairment. In numerous cases of Parkinsonism,' 5 20-24 most of them being postencephalitic cases,'5 obsessive-compulsive activities were described such as arithmomania, vocalisations, or purely obsessional thoughts. These behaviours often occurred in short crises lasting some minutes and could be accompanied by motor disorders such as oculocephalogyric fits and by personality changes such as emotion-aggressivity but mainly anxiety. Some cases,20 however, are very similar to our patients, since obsession-compulsions are described as occurring without modifications of the emotional state, as a substitution phenomenon triggered by an inner blocking of thoughts. The association of obsessioncompulsions and tics can be present in Gilles de la Tourette syndrome. An organic background at the basal ganglia level has been suspected in this disease on the basis of anatomical,25 clinical and pharmacological findings.26 THE 
ROLE OF PALLIDAL LESION
On CT scan of the three patients lesions were present in the deep forebrain at the basal ganglia level. In the following discussion, we do not imply that our Laplane, Baulac, Widlocher Dubois patients had no other brain lesions, such as in the cerebral cortex, but we think that there is some reason to suggest that these basal ganglia lesions play the most important role in the mental symptomatology: (1) the lesions are presumed to be located in the pallidal area and the patients suffered from diseases known to determine lesions in that area. (2) several data in literature suggest or demonstrate that pallidal lesions may be followed by mental changes resembling to psychic akinesia.
CT scan analysis by magnification and comparison with an atlas7 suggest that the bilateral lucencies were located in the internal part of the lentiform nucleus, that is the pallidal area. This precise site of lesion is frequently observed on neuropathological examination of brain from subjects who died from carbon monoxide intoxication.27-It is thus widely assumed that the bilateral lucencies discovered on CT scan in the same aetiology are actually located in the globus pallidus.30-34 Lesions in case 1 seem to be more lateral, presumably overlapping the putamen. Necrotic lesions with this localisation have been reported in wasp sting encephalopathy from pathological material.35 In both diseases, however, the white matter and/or cerebral cortex can be involved but, if it was present in our patients, such damage was too subtle to be seen on CT scan.
As previously outlined several diseases which include a pallidal impairment can give a psychic akinesia, that is progressive supranuclear palsy, Parkinson's disease sequellae of encephalitis lethargica. More interestingly bilateral subcortical lesions performed for the management of some Parkinsonian symptoms have induced psychological changes somewhat similar to our patients' disturbances.3637 it is sometimes difficult to get a clear picture of the effects of bilateral operations, as several reports do not distinguish between pallidal and thalamic lesions on one hand and between unilateral and bilateral lesions on the other hand. It appears however that the mental changes are more pronounced when the pallidum is involved. Unilateral pallidal lesion may induce transient changes,37 but bilateral pallidal lesions, or pallidal and controlateral thalamic lesions, can induce more durable changes.38 39 These changes are described as inertia, lack of drive, decrease of emotional-motivational behaviour37 or as a psycho-organic syndrome with sometimes compulsory activities.39 They are summarised by Ricklan and Levita37 as a non specific decline in the maintenance of energy level and initiative which contrasts with the lack of changes on specific tests. Speech impairment is often reported. These symptoms seem to be less severe than in our patients, but stereotaxic lesions are usually small, affecting only a part of the globus pallidus. On The efferent pallidal fibres which leave the basal ganglia arise from the medial segment of globus pallidus. A large "motor" outflow is directed toward the ventral lateral-ventral anterior thalamic complex. But this medial segment of GP sends also efferents toward intralaminar thalamic nuclei and then to diffuse areas of neocortex, toward the brain stem and toward the habenular nuclei. [49] [50] [51] [52] It has been suggested from investigations in the rat53 that fibres destined for the habenula arise primarily from the rostral half of the entopedoncular nucleus-the rat's equivalent of medial globus pallidus and that this part of the nucleus might be termed the ' limbic pallidum". The pallidal organisation in its output elements seems more complex in primates. 54 that psychic akinesia may be present in some cases, but may be very difficult to discern when speech and gesture are severely impaired. Finally pallidal damage can exist without neuropsychological symptoms.6' The possibility of pure motor disorders and conversely of pure psychic disorders as in the present cases, suggests that the lesions may not involve equally the different anatomical systems located in the pallidal area. Furthermore a disorder in this area should be considered in research on several psychiatric conditions, such as hebephrenia, obsessional neurosis or severe depression.
